Local amenities play an important role in determining where we choose to live and our overall quality of life. In many cases, however, amenities do not have prices and will therefore be underprovided by the market. In this paper, we use individual and county level data for England and Wales to estimate implicit amenity prices and to calculate an index of quality of life for each county. Among our …ndings is a large negative price on air pollution. The range in quality of life across counties is estimated to be in excess of two thousand pounds per year.
Introduction
Our quality of life depends on where we live. But just how much value do we put on a good location? And what are the factors that determine the attractiveness of an area? These questions, interesting in themselves, derive added importance from the fact that a number of potentially important amenities -for instance, clean air -do not have prices and will therefore be underprovided by the market. Furthermore, the absence of prices creates di¢culties for the design of policies to deal with this ine¢ciency; indeed, to the extent that policy tends to focus on variables that are relatively easy to measure, government intervention may actually have an adverse impact on amenity provision. In the UK, the government itself has recently argued that various dimensions of the quality of life have su¤ered as a consequence of the reliance on GDP as a measure of economic success. Its proposed response incorporates a commitment to publish data on some 150 quality of life indicators, ranging from average life expectancy to populations of wild birds. 1 This clearly marks an important …rst step in tackling the problem.
However, to address the inevitable policy trade-o¤s it is necessary to consider how much weight people put on each of the contributors to their quality of life; ideally these preferences would be expressed in monetary terms. A set of weights would also be required to aggregate the individual elements into an overall measure of quality of life.
In a seminal contribution to the theoretical literature on the quality of life, Roback (1982) showed how the locational decisions of individuals and …rms lead to an equilibrium in which di¤erences in amenity levels are re ‡ected in wage and house price di¤erentials, and that these di¤erentials can then be used to estimate monetary valuations -'implicit prices' -for each amenity. Thus the relative value of each component of quality of life is inferred from individuals' actual decisions in labour and housing markets. In this paper, we apply Roback's model to county level data for England and Wales. Among our …ndings are a large negative price on air pollution and, perhaps surprisingly, a positive price on population density. The set of implicit prices is then used to calculate an index of the overall quality of life in each of the counties. This points to considerable variation across England and Wales: for the represen-1 Department of the Environment, Transport and the Regions (1999). tative household, the di¤erence in quality of life between the top-ranked and bottom-ranked county is estimated to be well in excess of two thousand pounds per year.
Amenity pricing and the measurement of quality of life has attracted considerable interest in the US. Early empirical work derived implicit amenity prices from data on either residential property values or wages. For example, Ridker and Henning (1967) estimated that variations in air pollution levels explained 1.2 per cent of the variance in house prices in St. Louis. More ambitiously, Nordhaus and Tobin (1972) used estimates of implicit prices based on wage data to calculate the cost of urbanisation to the entire US economy. The …rst study to construct a quality of life ranking on the basis of amenity prices was Rosen (1979) . He used census data on wages and characteristics of almost nine thousand individuals to estimate implicit prices for pollution, crime, climate, and measures of crowding and labour market conditions. These prices were then combined with the quantities of each amenity to produce quality of life index values for …fteen major US cities.
A major theoretical contribution to the literature was provided by Roback's (1982) general equilibrium model of individual and …rm location. Drawing upon Rosen (1974) , she showed how wages and land prices are simultaneously determined by the location decisions of workers and …rms and that both wage and rent gradients are required in order to determine the implicit price of an amenity. Roback applied her model to data on individuals' wages and average land prices to produce estimates of implicit amenity prices and a ranking of twenty of the largest US cities. Using the same methodology, but more detailed data, Blomquist, Berger and Hoehn (1988) examined the quality of life in 253 US urban counties in 1980. Their results suggest strongly that compensation for amenity e¤ects occurs in both labour and housing markets. Moreover, the amounts involved were large: the estimated di¤erence in quality of life between the top-ranked county (Pueblo) and the bottom-ranked (St. Louis City) was $5146 per household per year in 1980. Subsequent empirical work in the US has extended the analysis in various directions. For example, Gyourko and Tracy (1991) introduced the e¤ect of local …scal conditions, and Clark and Nieves (1995) incorporated detailed data on nuclear plants, petrochemical re…neries and other noxious facilities.
In Britain, empirical work has been hampered by data limitations. The only previous estimates of amenity values using the Roback framework are those of Maddison (1997) , which are derived using county level average wage and house price data. In this paper,by contrast, we use individual level data which allows us to control for the e¤ect of personal characteristics, occupation and industry on wages. Similarly, our house price data is disaggregated by property type and therefore permits a degree of control for quality di¤erences. In addition, we have been able to incorporate a measure of air quality among the amenities. It was constructed from recent estimates, produced by AEA Technology, of the level of airborne particulates in each 1km square within the UK. Previously, information was limited to air quality levels recorded at dispersed monitoring sites, and did not therefore permit the construction of meaningful regional data.
The following section outlines the theoretical framework and describes the data. Section 3 explains the method of estimation and reports the results on amenity prices and the quality of life index. A short concluding section completes the paper.
Model and data
The starting point for Roback's (1982) theoretical analysis of the quality of life is an assumption that both labour and capital are perfectly mobile across regions. Actual or potential migration thus generates an equilibrium in which individuals and …rms are indi¤erent between locations.
An implication is that, in equilibrium, variations in amenity levels across regions must be re ‡ected in compensating wage and/or land prices. The size of the di¤erentials depends, in part, on individual preferences and Roback demonstrates how estimates of willingness to pay for each amenity can be derived from data on wages and land rents. In the basic version of the model, individuals derive utility from a composite good, land and local amenities. This generates an expression for amenity prices that includes the land rent. Our data, however, is on housing expenditures rather than land prices, and therefore we follow Blomquist, Berger and Hoehn (1988) and Gyourko and Tracy (1991) in drawing upon an extended version of the model that incorporates the housing sector. Similarly, we treat households, rather than individuals, as a basic unit of analysis.
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For details, see Stedman, Campbell and Vincent (1997) .
Identical households are endowed with one unit of labour and gain utility from a composite good, housing services and local amenities. In equilibrium, household utility is the same in all locations. This can be expressed in terms of the indirect utility function:
where the subscript k refers to regions, w k denotes the wage rate, h k the price of housing, and a k a vector of amenities.
Firms produce the composite good using labour and land with a constant returns to scale production function. The product is sold at a price normalised to unity and, in equilibrium, unit costs are equal in all locations:
where r k denotes the price of land.
Housing is similarly produced under constant returns to scale, with unit costs equated to the price, h k :
Equations (1), (2), and (3) determine the wage, price of land and price of housing associated with the level of amenities in a particular region. Our interest is in the value of amenities to households as measured by willingness to pay. Let P k denote the amount of income required to compensate for a small change in amenity level. Totally di¤erentiating (1) and using Roy's identity, we obtain:
where µ k is the quantity of housing purchased.
Following Blomquist, Berger and Hoehn (1988) and Gyourko and Tracy (1991) , the …rst term on the right-hand side is approximated by
,where H k is housing expenditure. This is equation (6) in Blomquist, Berger and Hoehn (1988) .
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The approximation is exact if µ k is constant.
where the subscript i refers to individuals, j to properties, and k to counties; w ik is the hourly wage of individual i in county k, and x i a vector of individual worker traits; H jk is the average annual housing expenditure on property j in county k; z j is the property type; and " ik and jk are the usual disturbance terms. Whilst the theoretical model treats households as the basic unit of analysis, our data comprise the (hourly) wages and characteristics of individuals. The procedure we adopt is to estimate (5) using individuals' hourly wages and then translate the resulting coe¢cients into annual household values using the sample mean values of hours worked per week, weeks worked per year and number of workers per household. Equation (4) shows how the wage and housing expenditure coe¢cients are then combined to yield the implicit price of each amenity. It is important to note that whilst locational attributes that enhance utility should have a positive price, and undesirable attributes a negative price, the signs in the underlying wage and housing expenditure equations may be ambiguous. For example, suppose that both individuals and …rms value sunshine. For individuals, locational equilibrium requires that locations with more sunshine have either lower wages or higher house prices, or both. By contrast, the requirement for equilibrium among …rms is that the sunny locations have either higher wages or higher house prices, or both. Thus whilst the model would predict that sunny locations have higher house prices, the e¤ect on wages is ambiguous.
Data were collected for 55 counties in England and Wales.
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The house price data, obtained from HM Land Registry, comprise the average selling price in 1995, by county, for each of four residential property types: detached, semi-detached, terraced, and ‡at/maisonette. These prices were then converted to housing expenditures using information on mortgage rates.
Information on the wages, personal characteristics, and county of residence of 12,320 individ- Air quality is measured using estimates of levels of airborne particles, P M 10 , provided by AEA Technology. P M 10 is designed to measure those particulates that are likely to be inhaled into the lungs; speci…cally, it is the mass of material deposited in a sampler that selects smaller particles preferentially. An indication of its importance for quality of life is the recommendation, in 1995, of the Expert Panel on Air Quality Standards that, on health grounds, the UK Government should aim to reduce both peak and annual average concentrations. For our purposes, it is also important to note that particulate levels are an aspect of air quality on which individuals are likely to be relatively well-informed. Moreover, welfare may be sensitive to the process that generates the particulates -for instance, road tra¢c -as well as the particulates themselves; we return to this point later. Levels of P M 10 recorded at monitoring sites across the UK have been translated by AEA Technology into annual mean estimates on a 1km grid. We converted this grid data into mean values for each county using 1991 Census digitalised boundary data.
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Information on hours of sunshine, precipitation, frost days 8 , and mean temperature was provided by the Climatic Research Unit at the University of East Anglia. This took the form of monthly averages over the period 1961-1990 on a 10km grid. We converted the data into annual averages and then we used the Census boundary data to map the grid data into county means.
We consider two measures of educational provision: an average of the pupil-teacher ratio 6 The QLFS from 1994 includes a county of residence code for each individual. This allows us to match individuals to the amenity data. The sample was restricted to individuals aged 16 and over. 7 The digitalised boundary data was obtained from EDINA and conversion carried out using ARC/INFO. in primary and secondary schools, and the number of day nursery places 9 per 1000 population aged under 5 years. These data together with the unemployment rate and population density, were obtained from the O¢ce for National Statistics.
Estimation and results
Box-Cox searches were conducted to determine the functional form of equations (5) and (6).
The searches were carried out over values of¸in
where Y is either the wage rate or housing expenditure and X l are the independent variables (amenities and personal characteristics in the wage equation and amenities and property type dummies in the housing equation). The values that maximised the log-likelihood functions were¸= 0:1 in the wage equation and¸= ¡0:2 in the housing equation. Table 1 presents results for two versions of the model. In the …rst, the wage and housing expenditure equations are estimated with the full set of amenities described above. The resulting coe¢cients, and associated t-statistics, are presented in columns 1 and 2.
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The annualised household wage component is shown in column 3, and this is then combined with column 2 -as indicated by equation (4) above -to yield the implicit prices in column 4.
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These prices represent the amount that the average household is willing to pay for the amenity at the margin (in 1995 prices).
As a group, the amenities are highly statistically signi…cant in both the wage and housing expenditure equations. Only local authority provided and registered day nurseries.
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Findings for individual worker characteristics and housing types are reported in the appendix.
11
The housing expenditure component is simply the linearised regression coe¢cient. Linearisation was carried out as follows:
where b 0 is the linearised coe¢cient, b the regression coe¢cient and y is the sample mean annual housing expenditure or hourly wage. The wage component is the linearised coe¢cient multiplied by the product of average hours per week (38.34), weeks per year (45.63) and workers per household (1.29).
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Likelihood ratio tests indicate that the amenities are jointly signi…cant at above the 1% level in both equations. Full details are presented in the appendix. variables -precipitation, temperature and frost days -and the pupil-teacher ratio. The climate variables exhibit multicollinearity for obvious reasons; in the case of the pupil-teacher ratio, the lack of signi…cance may indicate that county level data is too coarse to detect an e¤ect on wages or house prices. The quality of primary and secondary education varies considerably within each of the counties, and therefore may in ‡uence the choice of location within, rather than between, counties. In the light of these considerations, the model was re-estimated without precipitation, temperature, frost days and the pupil-teacher ratio. The results, presented in columns 1', 2', 3'and 4', indicate that the change in speci…cation has little impact on either the wage and housing expenditure coe¢cients or, more importantly, the implicit prices. Moreover, as we shall see later, the quality of life ranking is robust to the change. For the remainder of the paper we focus discussion on the second version of the model.
When interpreting the results, it is important to recall that whilst locational traits that enhance utility should have a positive price, and undesirable traits a negative price, the underlying wage and housing expenditure coe¢cients may be ambiguous in sign.
The negative price of airborne particles, P M 10 , conforms with a priori expectations. One question that arises is whether this result re ‡ects not just a distaste for poor air quality, but also a response to other externalities -such as noise and visual intrusion -associated with the production of P M 10 : In the UK, in 1995, the main sources of P M 10 emissions were road transport (26%), power stations (15%) and iron and steel production (9%). Re…neries, construction, mining, quarrying and 'other industrial processes' together accounted for a further 37% of the total. Each of these activities is clearly capable of generating a variety of forms of externality. However, airborne particles are, by nature, highly mobile -especially when emitted from industrial chimneys. Detection may therefore take place some distance from the point of emission, thereby limiting the degree to which our measure of air quality is acting as a proxy for other variables.
We …nd that sunshine makes a positive contribution to the quality of life in England and Wales as, not surprisingly, does the level of nursery provision. Unemployment, similarly, has its expected negative price. Population density is di¢cult to sign a priori because, as Rosen (1979) points out, it is likely to proxy various unmeasured factors in addition to any taste or distaste for density as such. Thus its positive price may, in part, re ‡ect the fact that regions which are more densely populated can support a wider range of consumption activities.
These results are in line with existing research. For Britain, Maddison (1997) , using di¤erent data on wages and house prices, similarly found that sunshine and population density made a positive contribution to the quality of life, whereas unemployment had a negative e¤ect.
Whilst nursery provision was not examined, he did …nd that the proportion of children who passed …ve or more GCSEs had a positive price.
Our estimates of the impact of airborne particulates on the quality of life are the …rst for the UK. For the US, Roback (1982) , Blomquist, Berger and Hoehn (1988) and Gyourko and Tracy (1991) all found that particulates had a negative price. In addition, their results suggest that, as in England and Wales, both sunshine and population density make a positive contribution to the quality of life.
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The implicit prices in Table 1 are used to construct quality of life (QOL) index values for each county as follows:
where P ¤ m is the implicit price of amenity m and a mk is the quantity of amenity m in county k.
We have standardised on a hypothetical county which has the sample mean quantity of each amenity. Table 2 presents the standardised quality of life index value for each county, in descending order. The top-ranked county is Cumbria in the north-west of England, followed by Dyfed in Wales and then Somerset in the south-west of England. The standardised QOL index value for Cumbria is £1169, which represents the amount that the average household would be willing to pay per year to live in Cumbria rather than the hypothetical average county. At the other end of the scale is Bedfordshire with a value of £-1194, giving an overall QOL range in England and Wales of £2363 per annum. It is important to bear in mind that these results do not imply any tendency for migration from low to high-ranked counties. The model is an equilibrium one in which counties that are ranked highly in terms of QOL have 13 All three US studies …nd that hours of sunshine has a positive price. Roback is the only one of the three to include population density among the regressors. To help understand the ranking, we …rst consider the relative contribution of each amenity to the QOL index, and then look at the pattern of amenities across counties.
An indication of the contribution of each amenity to the QOL index is the amount that a household would be willing to pay to move from the county with the lowest amount of a particular amenity to the county with the highest. This range is presented in column 2 of Table   3 , and suggests that the main contributors to the index are the measure of air quality (a range of £4678) and population density (a range of £3173). The contributions of the remaining three variables are appreciably smaller; the next largest being nursery provision with a range of £557, followed by sunshine, £396, and unemployment, £ 216. The ranges for both air quality and population density are substantially higher than the overall QOL range of £2363, re ‡ecting a tendency for good air quality to be associated with low population density. The inter-quartile range, in column 3, con…rms the importance of air quality but reveals that towards the centre of the distribution the relative contribution of population density is diminished. Table 4 presents the overall QOL ranking together with rankings for each of the amenities.
For each amenity, the numbers indicate the preference ranking; thus, for P M 10 number 1 is assigned to the county with the lowest level (because it has a negative price), but for sunshine (which has a positive price) number 1 indicates the highest number of hours. The most striking characteristic of the counties at the top of the overall ranking is that they enjoy good air quality: of the top ten QOL counties, eight are ranked among the ten best for air quality.
They also tend to be characterised by low population densities, with seven of the top ten overall being among the ten with the lowest densities. In other respects the counties at the top exhibit considerable variation. For instance, they include the …fth and …fty-fourth ranked counties in terms of sunshine, the fourth and forty-ninth in terms of unemployment, and the ninth and …fty-…rst in terms of nursery provision. This heterogeneity is not unexpected given that these amenities have small value ranges relative to air quality and population density.
The ten counties at the bottom of the QOL ranking are not quite a mirror image of those at the top. They are characterised by poor air quality, but there is little uniformity in population density. The group includes Outer London, which has the second highest density, but also Su¤olk and Norfolk, which have very low densities. In fact, only Outer London and South
Yorkshire from this group feature among the ten counties with the highest population density.
With regard to the other amenities, the picture is mixed. As well as counties that perform poorly, the group includes Kent, which is third in the list of nursery provision and sixth in the sunshine ranking, and Surrey, which has the lowest unemployment rate of all regions.
The correlation between air quality and overall QOL, whilst strong, is by no means perfect.
For instance, both Inner London and Greater Manchester achieve a QOL rank more than twenty places above their respective air quality rankings. In the case of Inner London, the explanation lies in good nursery provision, plenty of sunshine and, most importantly, a high population density. The density in Inner London, just over eight thousand three hundred people per square kilometre, is more than twice the …gure in the next most densely populated region. Greater Manchester also bene…ts from good nursery provision and a high density (almost twice as high as the next county in the density ranking) -which more than compensate for having the least amount of sunshine of all counties. South Yorkshire, by contrast, has a QOL rank sixteen places below its air quality position. This is due to a combination of low sunshine, high unemployment and poor nursery provision.
As a check on the robustness of the results, we computed an alternative QOL ranking based upon the implicit prices reported in column 4 of Table 1 . The two rankings are broadly consistent, with a Spearman rank correlation coe¢cient of 0.98. This is evident both at the top, where eight counties appear in the top ten of both rankings, and at the bottom, where it is same ten counties that have the lowest QOL indices.
Notwithstanding this robustness with regard to speci…cation, the QOL ranking must be treated with caution. First, the housing data permitted only a limited degree of control for quality di¤erences. This contrasts with the highly detailed information on individuals'
personal and job characteristics. Second, there may be important regional variations that are not captured by our set of amenities. QOL indices based on a di¤erent set of locational traits could potentially generate a substantially di¤erent ranking. Third, the implicit prices are based on an assumption regarding the "marginal" household -the household that is indi¤erent between locations. In common with previous work, we have taken this to be the household with the sample mean values of hours per worker and workers per household. Finally, the implicit prices are de…ned for small changes in locational attributes and therefore estimates of willingness to pay for substantial improvements in amenity levels are approximations.
Conclusions
In this paper we have applied an extended version of Roback's (1982) general equilibrium location model to individual and county level data from England and Wales to estimate implicit prices for a variety of locational attributes. We found positive prices for population density, nursery provision and hours of sunshine, and negative prices for air pollution and unemployment. The implicit prices were used to compute an overall Quality of Life index value for each of the counties. For the representative household, the di¤erence in Quality of Life between the top-ranked and bottom-ranked county was estimated at £2363 per year. The highest ranked counties are characterised by low levels of airborne particulates and population density, but are heterogeneous in other respects. Those at the bottom of the ranking exhibited even more variety, having only high levels of airborne particulates in common.
We have emphasised that the implicit prices and associated Quality of Life index values should be treated with caution but, being derived from the actual decisions of agents, they may constitute a useful counterpoint to quality of life assessments based on subjective valuations.
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Expersq experience squared exper*exper In the wage equation, the omitted industry is "public administration and other services" and the omitted occupation is "labourer". In the housing equation, the omitted property type is " ‡at/maisonette".
